Abstract
Introduction
Longitudinal melanonychia (LM), which results from increased melanin production from the nail matrix, is presented as a longitudinal band that starts from the matrix and extends to the tip of the nail plate [1] . The etiologies of LM can be divided into 2 broad categories: melanocytic activation and melanocytic proliferation [2] . Although melanocytic activation is the most common cause of LM in pigmented individuals who frequently have benign racial melanonychia involving multiple digits [2] [3] [4] , melanocytic proliferation raises more concerns because LM may indicate an early stage of nail apparatus melanoma. The differential diagnosis to tell whether melanoma is the causative factor of LM remains an important task for dermatologists [5] .
Literature reviews suggested that approximately 5-10% of LM in adult cases resulted from melanoma [6] . It was found that 4.3% of LM were melanoma in a mestizo Hispanic population in Mexico [7] . In contrast, LM caused by melanoma in children is extremely rare, with only a few cases having been reported [8] [9] [10] [11] . Previous studies have shown that melanoma is an uncommon cause of childhood LM [6, [12] [13] [14] . Furthermore, childhood cases diagnosed as nail apparatus melanoma may behave differently from subungual melanoma in adults, with only in situ melanoma ever reported [8] [9] [10] [11] 15] .
In this study, we reviewed our cases presenting clinically as single-digit LM, assessed the clinical and histopathological features, and compared the diagnoses between pediatric and adult patients. We also examined the relationship of age at diagnosis and the causes of LM in our cases.
Methods
For further details, see the online supplementary material (see www.karger.com/doi/10.1159/000486701 for all online suppl. material) (Fig. 1) .
Results

Patient Characteristics and Age Groups
We first stratified our cohort (n = 63) into children (younger than 18 years; n = 18) and adults (18 years of age or older; n = 45), and examined for differences between children and adults in the etiology of LM. Among the adult group, 19 patients were male and 26 were female. In the pediatric group, 9 patients were male while 9 were female. No statistically significant difference in gender was found between the 2 age groups.
Comparison of Histopathological Diagnosis of LM between Adult and Pediatric Cases
The histopathological diagnoses of both age groups were summarized in Table 1 to melanocytic activation, basal hyperpigmentation was diagnosed in 1 child and 4 adults. There were 3 adults but no child who had pigment incontinence. A melanotic macule (Fig. 2a) was diagnosed in 1 adult, with a prominent Hutchinson sign. There was no statistically significant difference between the 2 age groups in these 3 diagnoses related to melanocytic activation.
As for cases of LM due to melanocytic proliferation, the occurrence of junctional nevus (Fig. 2b) was significantly higher in children (n = 17) than in adults (n = 5, p < 0.0001). In the 17 pediatric cases with junctional nevus, one 2-year-old boy was found to have focal conspicuous atypical melanocytes and pagetoid spread, and this was diagnosed as atypical junctional nevus separately. Compound nevus (Fig. 2c ) and intradermal nevus were diagnosed in one and the other 20-year-old adult, respectively. Lentigo (Fig. 2d ) was diagnosed in 8 adult cases, but no child was given the diagnosis. Four adults were diagnosed as having atypical melanocytic hyperplasia (Fig. 2e, f) . In our study, junctional nevus drastically predominated the diagnosis in the pediatric cases with LM; nevertheless, lentigo and atypical melanocytic hyperplasia were exclusively diagnosed in adults. A total of 18 adults were diagnosed as having melanoma. Five adult cases were diagnosed as melanoma in situ ( Fig. 3a, b) , and 13 were diagnosed as invasive melanoma ( Fig. 3c, d ). As no melanoma was diagnosed in children, there was a statistically significant difference in the frequency of melanoma between adults and children (p = 0.0013).
Comparison of Histopathological Diagnosis of LM between Fingernails and Toenails
We separated the affected sites of LM into fingernails and toenails, and summarized the histological diagnoses in Table 2 . There was a statistically significant difference (p = 0.045) for junctional nevus which occurred more often on fingernails (n = 16) than on toenails (n = 6). No statistically significant difference in affected sites was found for basal hyperpigmentation, pigment incontinence, melanotic macule, lentigo, atypical melanocytic hyperplasia, and melanoma.
Clinicopathological Features of Melanoma Presenting as LM
The clinical features of cases with melanoma were summarized in Table 3 . The occurrence of melanoma was 2-fold greater in males than females (12 men and 6 women). The most commonly affected site was the hallux (61%). There were 6 cases on the right hallux and 5 on the left. All the cases of melanoma involving fingernails occurred on the right side, especially the right thumb (22%). Seventeen cases had a band width broader than 3 mm (94%; Fig. 4a-d) . A band width more than half the nail width was found in 60% in melanoma in situ and 84.6% in invasive melanoma. Color variegation (Fig. 4a-d) was found in 100% of melanoma in situ, and in 76.9% of invasive melanoma. The Hutchinson sign existed in 80% of melanoma in situ and 84.6% of invasive melanoma ( Fig. 4a-d) . The pseudo-Hutchinson sign, which means that hyperpigmentation of the nail bed and matrix may reflect through the "transparent" nail folds simulating the Hutchinson sign [16] (Fig. 4c) , was present in 40% of melanoma in situ and in 15% of invasive melanoma. None of the cases of melanoma showed a triangular sign. Nail dystrophy (Fig. 4d) was found in 20 and 61.5% of melanoma in situ and invasive melanoma, respectively. All the patients with melanoma had a history of lesion evolution. In summary, a band width more than 3 mm, the Hutchinson sign, and a history of evolution were the most commonly encountered clinical features in melanoma cases in our study. However, in all the clinical parameters evaluated, no specific feature can be used to differentiate melanoma in situ and invasive melanoma (p > 0.05).
While comparing the clinical features of melanoma to nonmelanoma LM in adults (Table 4 ) or in all the adult and pediatric cases (Table 5) , both statistical analyses showed a significantly higher incidence of the following features in melanoma cases: a band width > 3 mm, a band width more than half the nail width, color variegation, Hutchinson sign, nail dystrophy, and history of evolution (all p values < 0.05). There was no statistically significant value for the pseudo-Hutchinson sign and triangular sign to differentiate melanoma from nonmelanoma LM.
The histopathological characteristics of cases with invasive melanoma showed a mean Breslow thickness of 3.75 mm, ulceration in 53.8%, and mitotic activity > 5/mm 2 in 7.6% of cases.
Clinicopathological Features of Pediatric LM
Among the 18 pediatric LM cases, the most commonly affected site was the middle finger (28%; n = 5, 3 on the left side and 2 on the right). There were 67% of the cases who had a band width > 3 mm (Fig. 5a-d ), 44% had a band width more than half the nail width, and 6% had the triangular sign (Fig. 5a ). Color variegation (Fig. 5b-d) was found in 44% of pediatric cases. The Hutchinson sign ( fig. 5c ) and pseudo-Hutchinson sign were present in 78 and 11% of cases. There were 17% of cases who had nail dystrophy (Fig. 5a, d) , and 94% had histories of evolution. Although over half of our pediatric cases had clinical features which raised concerns about melanoma, none of them were diagnosed as having melanoma in our study.
The histopathology of LM in children represents a difficult diagnostic challenge. Benign lesions of children may show nuclear atypia or pagetoid distribution of melanocytes. The conventional qualitative and quantitative parameters used for differential diagnosis with melanoma are mainly based on adult cases. Therefore, the validity for childhood cases is uncertain [10] . The histopatholological features of our pediatric cases included 17% with nuclear atypia and 39% with suprabasal melanocytic spread. The median melanocytic counts per stretch of 1 mm were 30 in cases of junctional nevus and 50 in atypical junctional nevus in our cases, compared with the normal density of 4-9 melanocytes/mm in the nail matrix [17, 18] . The Etiology of LM Is Related to Patient Age As the diagnosis of LM in children is generally different from that in adults, we would like to identify whether an age distribution or a clear cutoff age can be used for the differential diagnosis of LM, especially to differentiate between malignant melanoma and benign nevocellular nevus. We plotted each patient's diagnosis according to the age at diagnosis (Fig. 6) . Visual inspection of the plot figure suggested that there was an age-dependent frequency of disease distribution. Comparing the LM cases with melanoma (n = 18) and nevus (n = 24), the mean age at diagnosis for melanoma was 54.5 ± 13.3 years (range 19-75 years) and for nevus it was 15.2 ± 18.5 years (range 0.67-62 years). The Wilcoxon rank sum test showed a statistically significant difference in the age at diagnosis between melanoma and nevus (p < 0.0001). Compared to nevus, there were also statistically significant differences in the age at diagnosis in melanocytic activation, lentigo, and atypical melanocytic hyperplasia ( Fig. 6 ; p < 0.01). Although lentigo, atypical melanocytic hyperplasia, and melanoma restrictively occurred after the age of 18 years, there is no clear cutoff age between each diagnosis. Compared to the cases with nevus, the logistic regression analysis related the occurrence of melanoma, lentigo, atypical melanocytic hyperplasia, and melanocytic activation to older age at diagnosis. The relative risk of age was 1.2 for melanoma (p < 0.01), 1.1 for lentigo (p < 0.01), 1.08 for atypical melanocytic hyperplasia (p = 0.02), and 1.06 for melanocytic activation (p = 0.02). 
Discussion
Five common histopathological entities encompass most cases of LM in our study: (1) melanocytic activation with basal hyperpigmentation or pigment incontinence at a late stage; (2) lentigo or lentigines (benign melanocytic proliferation without nests); (3) nevocellular nevus (when at least 1 melanocytic nest is present, including junctional, compound, intradermal nevus, and atypical junctional nevus); (4) atypical melanocytic hyperplasia, and (5) in situ or invasive melanoma.
When comparing the adult and pediatric age groups, junctional nevus was significantly more frequently encountered in children than in adults. On the other hand, atypical melanocytic hyperplasia or melanoma was more frequently or uniquely diagnosed in adults than in pediatric cases, which was concordant with the results of previous studies [6, [12] [13] [14] .
Although melanocytic activation was found to be the most common cause of melanonychia in adults [4] , in our study, melanoma accounted for as high as 40% of all adult cases with LM, which was much higher than the 5-10% in a previous report [6] . In the study conducted by Theunis et al. [19] , melanoma accounted for 56% of their adult cases of melanonychia . This could be explained by the methodology designed by ours and their study [19] ; both were based on the pathological database. Due to the potential risk of permanent nail deformity from nail matrix biopsy, this invasive procedure was not performed in all patients with LM, but rather only in selected cases with a clinical suspicion of malignancy. In fact, even the 5-10% of melanoma cases in LM mentioned in the previous study could be overestimated [6] , since not all patients with LM underwent nail matrix biopsy.
In contrast to the adult cases, no melanoma was diagnosed in our pediatric cases of LM. This finding was concordant with most previous literature. Of note, no "invasive" melanoma had been reported in childhood LM [20, 21] , but only a few cases of melanoma "in situ" had been reported [8] [9] [10] [11] . The presence of worrisome clinical features, such as the Hutchinson sign or a band width of more than 3 mm, was not pathognomonic of melanoma. Of special note, 1 case of invasive melanoma with a Breslow thickness of 1.2 mm was diagnosed at 19 years of age (patient 16, Table 3 ; Fig. 2c ). The lesion was initially a black, 1-mm-wide longitudinal band developing more than 10 years before diagnosis, which gradually enlarged to cover the whole nail bed, and his fingernail became thickened in the recent 2 years. The time point when the LM became invasive melanoma could be in his childhood, and this case could probably be the first case, to our knowledge, of pediatric "invasive" melanoma presenting with LM [10] .
Among the childhood cases, junctional nevus was the most frequently encountered diagnosis in our study (94%). Cooper et al. [6] found lentigo to be the most common diagnosis in LM of children (66.7%). GoettmannBonvallot et al. [12] demonstrated nevus accounting for 47.5% of their 40 cases of childhood LM, followed by lentigo (30%). The differences between the studies might be related to racial difference, with all cases of our study being Chinese.
Our study demonstrated that adults with LM stood a greater risk of melanoma than pediatric cases. Tissue proof of LM is more warranted in adults, especially cases older than 40 years . In contrast, though certain cases of childhood LM do show clinically worrisome features, a more conservative strategy could be adopted under most circumstances before puberty. Pediatric LM should be carefully monitored after puberty, and a nail matrix biopsy should be performed for selected cases with clinical progression, since there are still a few case reports of childhood LM resulting from melanoma.
The limitations of this study included the retrospective study design and the case enrollment based on the pathological database, which could possess a certain selection bias leading to a relatively high rate of melanoma in adult cases.
Key Message
Our study demonstrated different etiologies of longitudinal melanonychia in different age groups. The adult group has a significantly higher risk of melanoma, while children with LM show mostly nonmelanoma etiologies. Tissue proof is more warranted in adult cases, and it is needed in selected cases of children with longitudinal melanonychia.
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